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Light is an essential tool for connections between quantum devices and for diagnostic of processes
in quantum technology. Both applications deal with advanced nonclassical states beyond Gaussian
coherent and squeezed states. Current development requires a loss-tolerant diagnostic of such non-
classical aspects. We propose and experimentally verify a faithful hierarchy of genuine n-photon
quantum non-Gaussian light. We conclusively witnessed 3-photon quantum non-Gaussian light in
the experiment. Measured data demonstrates a direct applicability of the hierarchy for a large class
of real states.
PACS numbers: 42.50.Xa, 42.50.Ar, 42.50.Dv
Individual photons as bosonic elementary particles
have been subjects of a detailed quantum analysis al-
ready for many decades. It is intensified now due to
their importance for quantum technology. First, a single
photon antibunching was measured as incompatible with
classical coherence theory [1, 2]. It was the first proof
of nonclassical light. This measurement became canon-
ical for single photon sources [1–5]. After many years,
broadband homodyne detection allowed indirect estima-
tion of their continuous variable nonclassical features [6–
11]. Their visualisation in the phase space of continuous
amplitude of the electric field by a Wigner quasiprob-
ability distribution shows multiple negative concentric
annuli for Fock states of light [12]. The Wigner func-
tion is used to distinguish different Fock states of light,
however, without any proof yet that they really form a
faithful hierarchy. A faithful hierarchy of n-photon quan-
tum non-Gaussianity would reliably recognize that, for a
given order n, an observed state is statistically incom-
patible with any mixture of Fock-state superpositions up
to |n−1〉 modified by an arbitrary Gaussian phase-space
transformation [10, 13, 14]. The hierarchy is schemat-
ically presented in Fig. 1. Unfortunately, such a faith-
ful hierarchy based on the negative parts of the Wigner
function has not been discovered yet and it would be
anyway applicable only if overall losses were below fifty
percent [15]. Since a large variety of experimental plat-
forms emitting or transmitting light does not suppress
the losses so much, a lack of theoretical tools witnessing
genuine n-photon quantum non-Gaussianity limits opti-
cal diagnostic of quantum processes in matter, current
fast development of multiphoton sources and their appli-
cations in quantum technology.
A large gap between basic nonclassical light and light
with a negative Wigner function was partially covered
when a loss-tolerant direct measurement of single-photon
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FIG. 1: A visual presentation of the hierarchy of genuine
quantum non-Gaussian states approaching ideal Fock states
of light. The white regions stand for mixtures of Gaussian
states (squeezed coherent states). All colored regions repre-
sent states beyond those mixtures. Each color corresponds to
a new quantum feature attached to highly nonclassical states
such as Fock states |n〉 (green points). The hierarchy of such
features classifies multiphoton light exhibiting quantum non-
Gaussianity. Advantageously, these features are more robust
against attenuation than negativity of the Wigner function
(opaque gray regions). The quantum non-Gaussianity of ideal
Fock states manifests absolute robustness against losses. Re-
alistic states approaching the Fock states (blue points) can
lose the genuine quantum non-Gaussianity when they are af-
fected by losses. The blue and green dashed lines represent
the influence of attenuation on states exhibiting genuine n-
photon quantum non-Gaussianity.
quantum non-Gaussianity was proposed and immediately
experimentally tested [16, 17]. Advantageously, these
criteria use only basic multiphoton correlation measure-
ments, commonly applied to verify nonclassicality. The
quantum non-Gaussianity criteria conclusively prove that
a quantum state of light is not compatible with any mix-
ture of Gaussian states, even beyond fifty percent of loss
[15]. In difference to the tests of nonclassicality, such
tests of quantum non-Gaussianity can already recognize
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2a much narrower set of states, approaching closer to ideal
single photon states. That property of single photon
states has already been proposed to be applicable as a
security indicator of single-photon quantum key distri-
bution [19] and as a probe of quantum photon-phonon-
photon transfer [20]. In both cases, it was proven that a
test of nonclassicality is not sufficient and it can be mis-
leading. Recently, criteria of quantum non-Gaussianity
for multiphoton light have been proposed and measured
despite very large optical loss [18]. Meanwhile, quantum
non-Gaussianity criteria have been developed for other
types of states [21–24]. Recent mathematical treatment
of quantum non-Gaussianity led to a formulation of a
resource theory [25, 26].
The extension to multiphoton light allows wider ap-
plications in diagnostic of quantum processes, but the
criteria [18] do not still form a faithful hierarchy of quan-
tum properties and therefore, genuine n-photon quantum
non-Gaussian state can not be directly witnessed under
large optical loss. The discovery of the hierarchy is cur-
rently crucial for ongoing exploration of light emitted by
higher order nonlinear processes [27, 28] and for current
development of multiphoton sources [13, 29]. In this Let-
ter, we derive the faithful hierarchy of sufficient condi-
tions for genuine n-photon quantum non-Gaussian states
and, simultaneously, we experimentally verify the hierar-
chy by measuring multiphoton light up to three heralded
photons under 6.5 dB of optical loss. Under such loss, a
negative Wigner function cannot be observed. Our crite-
ria can conclusively confirm that the observed genuine n-
photon quantum non-Gaussian statistics is beyond statis-
tics produced by any mixture of superposition of n − 1
photons possibly modified by any Gaussian transforma-
tion.
A pure state |ψ〉 exhibits genuine n-photon quantum
non-Gaussianity if it can not be expressed as
|ψ〉 6= S(β)D(α)|ψ˜n−1〉, (1)
where the core state |ψ˜n−1〉 =
∑n−1
m=0 c˜m|m〉 represents
any superposition of the Fock states |0〉, ..., |n − 1〉 that
can be affected by displacement D(α) = exp(αa† − α∗a)
or by squeezing S(β) = exp
[
−β (a†)2 + β∗a2] operation.
The transformation S(β)D(α) can add only a Gaussian
envelope to the core state |ψ˜n−1〉 [30]. The envelope
changes photon statistics; however, it only scales the
shape of the Wigner function representing the state in
the phase space. A single-mode mixed state ρ shows
the nth-order property if it cannot be identified with
any statistical mixture of the right side in inequality (1)
randomized over the complex parameters α, β and c˜m.
That introduces a hierarchy of genuine quantum non-
Gaussian attributes labeled by an index n. Obviously,
each ideal Fock state |n〉 possesses the attribute of the or-
der n which any lower Fock state cannot achieve through
any Gaussian transformation. Also, any state |n〉 attains
the attributes of order m < n. The lowest (first) order of
the hierarchy represents quantum non-Gaussianity pro-
posed and measured in Refs. [16, 17]. The second order
means that observed photon statistics are not compati-
ble with any mixture of states S(β)D(α) (c˜0|0〉+ c˜1|1〉)
for any complex α, β, c˜0 and c˜1 satisfying |c˜0|2+|c˜1|2 = 1.
In this case, the Gaussian transformation S(β)D(α) in-
creases the number of photons beyond one, but it does
not extend the genuine non-Gaussian attribute to n = 2,
which is typical for the Fock state |2〉.
The criteria will be derived ab initio without any as-
sumptions about the inspected states of light. Thus, they
can be applied to any states with any mean number of
photons. As such, the criteria depend only on the formu-
lation of the detection process. The witnessing of gen-
uine quantum non-Gaussianity is provided by a balanced
multichannel detector. Incoming light is evenly split to
n+ 1 single-photon avalanche diodes (SPADs) that only
distinguish signal from vacuum. The genuine n-photon
property is detected when the probability of simultane-
ous detections on all n + 1 SPADs (error) is suppressed
sufficiently relative to the probability of simultaneous n
detections (success). Let us choose a set of n detectors
and define the probability of their simultaneous detection
by Ps and the probability of all n + 1 detectors clicking
by Pe. In this case, Ps refers to the probability of an ex-
pected success event, when light contains at least n pho-
tons, and Pe quantifies the probability of an unwanted
error event, when light contains at least n + 1 photons.
A linear combination of both probabilities
Fa,n(ρ) = Ps + aPe, (2)
where a is a free parameter, identifies n-photon genuine
quantum non-Gaussianity if
∃a : Ps + aPe > Fn(a), (3)
where Fn(a) is a threshold function that is determined
from optimizing the functional Fa,n(ρ) over mixtures of
states given by the right side of (1) with the order n.
The subscript n also denotes the number of SPADs re-
quired for a success event. Note that the condition can
be also formulated so that the number of detectors iden-
tifying success is greater than the order of the witnessed
property. In that case, the criterion applied on a Fock
state |n〉 reveals its attribute with a lower order than
n. Because the functional Fa,n(ρ) is linear with respect
to quantum states, the optimum is obtained as a pure
state S(β)D(α)|ψ˜n−1〉 where |ψ˜n−1〉 =
∑n−1
k=0 c˜k|k〉. The
state is formally expressed by 2n + 4 parameters which
hold normalization. Since two states with different global
phases are identical, the considered state is determined
by 2(n + 1) unique parameters. The task is finding an
optimum over these parameters. This can be performed
only numerically. The Supplementary Material provides
a detail description of algorithm which searches for the
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FIG. 2: The faithful hierarchy witnessing the genuine n-photon quantum non-Gaussianity up to order three and its experimental
verification. The quantum non-Gaussianity is recognized in the orange regions. The approximate solutions of the thresholds
for n = 1, 2, 3 are plotted by dashed lines. The reliability of the thresholds is demonstrated by the results of a Monte Carlo
simulation. The gray points represent fifty samples generated in the simulation that were closest to the threshold. The total
number of runs in the simulation was 106 (2nd order) and 108 (3rd order). The black points correspond to the experimental
data. The shifting of the points along the vertical axes corresponds to deterioration of the emitted light by background
Poissonian noise. The slight movement of the points in the horizontal axis is caused by experimental imperfections resulting in
noise leakage into the heralding arm. The mean number of photons of the background noise registered in a detection window is
n¯ = 0, 4×10−5, 2×10−4, 10−3 (from the lower points to the upper points) for each measurement. Error bars represent statistical
error of the number of detected coincidence events. The effects of optical loss on the experimental data are illustrated by the
blue dashed lines. Attenuated states would follow these lines until they would cross the thresholds. The attached values
represent the maximum attenuation, under which genuine quantum non-Gaussianity remains observable.
maximum. The derived thresholds are depicted in Fig. 2
for layouts with three and four SPADs. The algorithm
has to incorporate extensive formulas that express gen-
eral parametrization of success and error probabilities
[31]. However, assuming that the inspected states have
a strongly suppressed probability of error Pe, as is typi-
cal for high-quality multiphoton states, the threshold can
obtain approximate forms
Pe ≈ (1 + n)
2n(2 + n)2(1 + n)!P 3s
18n2(n!)3
. (4)
These approximations are applicable as a basic witness,
however, they are below the real thresholds. They have
to be carefully used if data are very close to them, sur-
passing them too tightly can lead to a false positive.
Thus, the Supplementary Material provides a derivation
of more accurate approximations that can be applied on
a larger set of states. Also, usefulness of our approach is
presented in the Supplementary Material. It is demon-
strated there that our method can identify the presence of
n-photon genuine quantum non-Gaussianity; even among
states that share almost identical photon statistics.
Let us note that although the thresholds were derived
from the assumption of single-mode states, they can be
applied to states occupying multiple modes. This is also
the case in the presented experimental proof. The gen-
uine n-photon quantum non-Gaussianity of multi-mode
states means the higher photon contributions are pro-
duced neither by squeezing nor by displacement of a
multi-mode core state that shows a truncated photon
distribution. Since the exact definition of that property
is technical in the multi-mode case, it is presented in
the Supplementary Material along with the details of a
Monte Carlo simulation indicating the thresholds do not
get stricter for multi-mode states.
Experimental setup.— To experimentally witness gen-
uine n-photon quantum non-Gaussianity, a superior mul-
tiphoton source is required. In this regard, there has
been development recently reported in the works [32–
34]. We generated statistics with controllable multipho-
ton content from a well-established photon source based
on multiple high-quality single photons triggered to sup-
press random noise. We employed continuous-wave spon-
taneous parametric down-conversion (SPDC) to generate
sequences of n heralded single photons that were collec-
tively measured on a multichannel detector as depicted
in Fig. 3. See the Supplementary Materials for further
details about the source. In addition to this signal, we
added extra Poissonian background noise from a laser
diode to explore the sensitivity of genuine n-photon quan-
tum non-Gaussianity to multiphoton content. We de-
tected photons from all triggered time modes collectively,
considering the overall statistics.
The detector was implemented by a balanced network
of half-wave plates and polarizing beam splitters with a
silicon SPAD in each arm. The temporal resolution of
the SPADs was safely covered by the coincidence win-
dows. We recorded coincidence events between individ-
ual SPADs and obtained results presented in Figs. 2 and
4. The estimated efficiencies of the SPADs were between
50 and 65 %. The differences between overall efficien-
cies of each detector arm were compensated by adjusting
the splitting ratios to balance detection rates among all
SPADs. The result is equivalent to a balanced detec-
tor with a fixed overall efficiency. By virtue of defini-
tion of the genuine quantum non-Gaussianity, the finite
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FIG. 3: Schematics of the experiment. A number of down-
converted heralded photons with weak multiphoton contribu-
tions are incident on a balanced multi-channel detector con-
sisting of single-photon avalanche diodes (SPAD). The mul-
tiphoton contribution consists of multi-pair generation and,
primarily, of Poissonian noise added by coupling a laser diode
to the signal. Only time windows conditioned by a trigger
detection are considered, and n successive time windows are
merged together.
efficiency of the detector – contributing only vacuum –
cannot cause false witnessing. Therefore any such wit-
nessed quantum state is indeed genuinely quantum non-
Gaussian.
Results and analysis.— The data exhibit genuine quan-
tum features up to order three (n = 3). This was
achieved by minimizing SPDC gain and the time win-
dow for coincidence detection, because Pe grows linearly
with both parameters. The time window is limited by the
temporal resolution of the detectors, while the gain can
be lowered arbitrarily at the cost of reducing generation
rate. The experimental limit of our demonstration was
the measurement time needed to acquire statistically sig-
nificant results for Pe. The scaling is very fast: while we
needed only 16 hours to obtain the results for n = 3, sev-
eral months would be needed for n = 4. The main factor
is that lowering SPDC gain simultaneously decreases the
portion of error events and generation rate. A low event
rate limits similarly also other experiments demonstrat-
ing a negative Wigner function of a three-photon state
[10, 43, 44]. To maintain a sufficiently low error rate with
an increased gain, the detection time window would have
to be reduced. This parameter is limited by the temporal
resolution of SPADs and could be augmented by using de-
tectors optimized for low jitter. Optical loss in both arms
of the source, including detection loss, is also a factor,
which depends on coupling efficiency as well as detector
efficiency. The final limiting factor are the background
dark counts, which become relevant in the extremal case
of a very low gain and long measurement. Overall, the de-
tection precision, signal-to-noise ratio and efficiency rep-
resent the main factors in the presented type of measure-
ment. Fig. 2 shows that robustness against losses and
noise rapidly decreases with higher order. This is a con-
sequence of decreasing the maximum gain allowable for
higher n. Our data were all measured with the same gain,
which means the individual statistics of all constituent
heralded events are the same. The relation between the
number of heralded events and successful witnessing of
genuine n-photon quantum non-Gaussianity is presented
in Fig. 4. If the number of heralded events exceeds the
order of the witnessing criterion, the detection of that
property in our measurement fails. However, the prop-
erty of the order n is implied by its positive recognition
for any order greater than n. Furthermore, the criteria
for the order n can be reformulated for any higher num-
ber of detector channels than n+ 1. That is because the
functional (2) can be maximized over any set of states
defined by the right side of inequality (1), even if the
order of the state and the number of detector channels
do not match. When the order of the criterion is greater
than the number of heralded events, the property can-
not be detected solely because of its definition. These
cases are however not depicted in the Fig. 4 due to the
scale of confidence intervals of relevant error and success
probabilities.
Outlook.— The presented hierarchy of genuine quan-
tum non-Gaussianity for the states approaching Fock
states of light and its experimental verification can be ap-
plied to a class of new multiphoton experiments [32–34]
and to observe quantum non-Gaussianity of first pho-
tonic triplets [29] from cubic nonlinear materials [35–
42]. As such, it can stimulate further experimental re-
search in this pioneering direction of quantum technol-
ogy with multi-photon states of light. Ab initio ap-
proach to the hierarchy allows further extensions towards
different quantum non-Gaussian states and its multi-
mode versions used for both fundamental tests [45, 46]
as well for applications in quantum technology with light
[47, 48]. Because light is dominantly used for read-out
from atomic and solid state systems, this methodology
can be used and also extended to evaluate quantum non-
Gaussianity of, for example, already developed atomic-
ensemble memories [49–52] and new single-phonon me-
chanical oscillators [53].
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SUPPLEMENTARY INFORMATION
The formula (1) in the main part of the manuscript
defines a hierarchy of quantum non-Gaussian proper-
ties only for single mode states. The genuine n-photon
quantum non-Gaussianity recognize statistically signifi-
cant highly nonclassical features of light and thus it can
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FIG. 4: For each order of genuine quantum non-Gaussianity
(orange), various heralded numbers of photons are plotted.
The blue points are experimental results with the respective
numbers of merged photons attached. Error bars are shown
only when the uncertainty is comparable to the point size.
The only states passing the respective criteria are those with
a matching number of photons – those are also shown in Fig.
2 with expected attenuation paths. The differences in scale
of each graph are caused by varying the number of detec-
tor channels and scaling of the n-photon probabilities with
increasing n.
be extended even for multi-mode states. Let M denotes
number of considered modes. Similarly as in the single
mode case, the extended definition involves a statistically
truncated core state |ψ˜n−1〉 that exhibits
〈m1| ⊗ ...⊗ 〈mM |ψ˜n−1〉 6= 0 (5)
only if
∑M
i=1mi < n, where 〈mi| is a Fock state m oc-
cupying the ith mode. The constrain guarantees the
state does not produce n or more than n photons. In
a single mode case, the core state can be expressed as
|ψ˜n−1〉 =
∑n−1
k=0 ck|k〉. Two modes core states correspond
to |ψ˜n−1〉 =
∑n−1
k=0
∑n−k−1
l=0 Ck,l|k, l〉 with arbitrary co-
efficients Ck,l. The higher photon contributions of the
refused states can be generated only by squeezing or dis-
placement influencing all modes occupied by |ψ˜n−1〉. Let
Si(βi) be squeezing and Di(αi) be displacement affecting
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FIG. 5: The results of Monte-Carlo simulation verifying cov-
ering two mode states that are produced by squeezing and dis-
placement of two mode core state |ψ˜n−1〉. The plot presents
fifty points generated closest to the thresholds of second (blue
points) and third order (green points). The number of runs
of the simulation was set to 108 in both cases.
mode i, where βi and αi are parameters determining the
operators. A pure multi-mode state |ψ〉 exhibits genuine
n-photon quantum non-Gaussianity if
|ψ〉 6= SM (β)DM (α)|ψ˜n−1〉, (6)
where α and β are vectors α = (α1, ..., αM ), β =
(β1, ...βM ) and SM (β), DM (α) are defined as tensor
products
SM (β) = Π
M
i=1 ⊗ Si(βi)
DM (α) = Π
M
i=1 ⊗Di(αi). (7)
The genuine n-photon quantum non-Gaussianity also re-
fuses all statistical mixtures of right side of inequality
(6). It remains to check that function Fn(a) covers all
states parametrized by the right side of inequality (6).
A partial proof can be find for states with low probabil-
ity of error. The only general approach is Monte-Carlo
simulation which, however, requires further software de-
velopment to be performed due to a large number of
parameters determining a general multi-mode n-photon
Gaussian state. The simulation for two mode states was
carried out only with real coefficient of the core state
|ψ˜n−1〉 and squeezing orthogonal to displacement. That
decreases a number of parameters over which the opti-
mum is searched to 12n(n + 1) + 1. The results are pre-
sented in Fig. 5 for the second and third order of the
criteria.
The limit of states with low probability of error in-
volves states with small squeezing and small displace-
ment. Then, the error and success probabilities can be
approximated by formulas
Ps ≈ Cn,nPn + Cn,n+1Pn+1
Pe ≈ Cn+1,n+1Pn+1 + Cn+1,n+2Pn+2 +
+ Cn+1,n+3Pn+3, (8)
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FIG. 6: Monte-Carlo verification of hierarchy of approximate conditions (11) for 4th and 5th order. The blue points represent
fifty results that were generated closest to the thresholds. The total number of attempts in the both simulations was 108.
The simulation was restricted to states with Pe < 10
−4, where the approximations are expected to fix the real thresholds very
tightly.
where n represents a number of simultaneous clicks iden-
tifying success, Pk is a probability of having k photons in
the input of the test and Cnm denotes probability that
m photons cause simultaneous clicks of n detectors. The
error probability requires to be expanded by more mem-
bers because the parameters of the state can be set such
that Pn+1 ∼ Pn+2  1. The matrix Cnm holds [54]
Cnm = 1 +
n∑
k=1
(
n
k
)
(−1)k
(
1− k
N
)m
, (9)
where N is total number of detector. The state |ψ˜n−1〉 =∑n−1
k=0 ck|k〉 on which squeezing and displacement is per-
formed is assumed to be identical with Fock state |n−1〉
in the approximation. Also, the conjecture that the
threshold is derived from single mode states is partially
checked in this regime because only single mode Gaus-
sian states can exhibit Pn+1 ∼ Pn+2. In this regime, the
solution of equation (4) in the main text gains
A(V, |n− 1〉) ≈ 2β + 4
3
(3 + 2n+ n2)β2, (10)
where 0 < β  1. Inserting it into formulas (8) results
in approximates
Pe ≈ nn!(n+ 2)
2
55296(n+ 1)n−1
β3
[
384 + β(896 + 307n+ 99n2)
]
Ps ≈ nn!
12(1 + n)n
β
[
6 + (6 + 2n+ n2)β
]
, (11)
where t substitutes the squeezing by t = 1−V . Those ex-
pressions parametrize the thresholds tightly even beyond
the considered regime of weak states and they can be use
as a better approximate. Their reliability was checked
by Monte - Carlo simulation up to order five. The re-
sults of simulation related to the fourth and fifth ordered
criterion are illustrated in Fig. 6. Assuming t  1, the
criteria get simpler forms
Pe <
(1 + n)2n(2 + n)2(1 + n)!P 3s
18n2(n!)3
, (12)
which however diverge quickly from the exact threshold
when Pe grows.
The analysis can be demonstrated in a fine distinction
of 3-photon genuine quantum non-Gaussianity among ex-
amples of three different states of light. Let us consider
an ideal Fock state |3〉 affected by losses T = 0.22. This
state manifests from definition the genuine quantum non-
Gaussianity of order n = 1, 2, 3 because it exhibits per-
fect truncation of photon statistics. A next considered
state is represented by three copies of a high quality sin-
gle photon state having photo-distribution p1 = 0.22,
p2 = 2.4× 10−6 and p0 = 1− p1 − p2. The realistic con-
tributions of three photons can be neglected in this exam-
ple. After an analysis, the state also manifests 3-photon
genuine quantum non-Gaussianity. And finally, the last
considered state is a statistical mixture of Fock states
|0〉, |1〉 and |2〉 modified by squeezing and displacement
operations. We define it by taking |φ〉 = S(β)D(α)|2〉
with α = 0.16747eiφ and β = 0.014044eiφ, randomizing
its phase and mixing it with lower Fock states
ρG = 0.47425× |0〉〈0|+ 0.39519× |1〉〈1|+
+0.13056×
∫ 2pi
0
|φ〉〈φ|dφ. (13)
This state does not exhibit 3-photon genuine quantum
non-Gaussianity from definition.
A comparison of these states is illustrated in Fig. 7.
The statistical properties are depicted in the top and
middle sub-figure. The dominant contributions of all
three states are almost identical. A main difference ap-
pears for probabilities of four and more photons as can
7be seen in the middle sub-figure with log-log scale. Also
the radial profile of the Wigner function in the bottom
sub-figure indicates the states behave very similarly. This
inspection demonstrates that although the Gaussian mix-
tures which do not exhibit 3-photon genuine quantum
non-Gaussianity can be very similar to the states which
do exhibit this property, the difference among the almost
suppressed events is crucial for the diagnostics.
The experimental demonstration of genuine n-photon
quantum non-Gaussianity is completed by information
about robustness against losses and additional noise,
which can be theoretically predicted in the region of
states with low probability of error. In those cases, a
click statistics is contributed approximately only by
Ps ≈ n!
(n+ 1)n
ρn
Pe ≈ n!
(n+ 1)n
ρn+1, (14)
where ρk is a probability a state ρ has k photons, i. e.
ρk = 〈k|ρ|k〉. Transmission efficiency T changes the pho-
ton statistics approximately so this ρk → ρkT k. In the
log − log scale, a measured point follows a line
log10 P
(T )
e =
n+ 1
n
(log10 P
(T )
s − log10 Ps) + log10 Pe,
(15)
where P
(T )
s,e are measured probabilities affected by atten-
uation and Ps,e are the original ones. Employing this
rule together with (12) enable to estimate the robustness
against losses. Poissonian noise influence the statistics
by
Ps ≈ n!
(n+ 1)n
(ρn + n¯ρn−1)
Pe ≈ n!
(n+ 1)n
(ρn+1 + n¯ρn), (16)
where n¯ is a mean number of photons of the noise. Be-
cause the criteria impose a very strict condition on the
noise, one can assume the members contributing the suc-
cess probability satisfy n¯ρn−1  ρn. Therefore a point
moves in the plots vertically along the log10 Pe axis. How-
ever, the data show slight dropping of probability Ps for
states affected by the background noise, as apparent in
the Fig. 2 of the main part of the manuscript. It arises
from imperfect protection of the heralding detector from
photons of the noise in the experiment. Thus, a herald-
ing event was rarely caused by the background noise that
decrease slightly probability Ps.
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FIG. 7: Comparison of a Gaussian mixture and a genuine
quantum non-Gaussian states presented in the text. The
statistical distribution of photons is depicted in linear (top
sub-figure) and log-log scale (middle sub-figure). The radial
profiles of the Wigner functions of all the states are plotted in
the bottom sub-figure. The difference among them is in the
order of 10−4.
